In this study the ethnobotanical use of mosquito repelling plant leaves as a preventive measure against mosquitoes thus malaria was investigated. Phytochemical screening of ethanol and aqueous extracts, and mosquito repellency tests of powdered dried leaves of Hyptis suaveolens, Cassia obtusifolia and Striga hermonthica in an olfactometer were carried out and compared with two standard repellants. In leaves of Striga hermonthica, glycosides, flavonoids, tannins, ketones, alkaloids, reducing sugar and phlobotannins, steroids and terpenoids were present. Hyptis suaveolens leaves had glycosides, tannins, alkaloids, reducing sugar, phlobotannins, ketones and coumarins, flavonoids, terpenoids and steroids. In Cassia obtusifolia leaves, flavonoids, anthraquinone, ketones, coumarins, terpenoids and phlobotannins, glycosides, saponins, tannins, steroids, alkaloids and reducing sugar were also present. S. hermonthica was the most repellent among the three plant leaves, and repelled 11.50±0.50, 6.50±0.63 and 8.33± 0.82 mean number of mosquitoes when it was compared to empty chamber, Hyptis suaveolens leaves and Cassia obtusifolia leaves respectively. Leaves of H. suaveolens were the second efficient repellant sample. It repelled 10.17±0.52 and 8.00±0.79 mean number of mosquitoes when it was compared with empty chamber and C. obtusifolia leaves respectively. Cassia obtusifolia leaves were the least repellent and mean numbers of mosquitoes repelled were 6.58±0.42 and 5.42±0.54 respectively compared to empty chamber and Hyptis suaveolens. The repellence efficiency of Striga hermonthica, Hyptis suaveolens and Cassia obtusifolia were 83.4, 78.3 and 70.4 % respectively compared with the standard, 90.0 %. Striga hermonthica compared well with the standard repellent and could be used to repel mosquitoes to avoid their bites.
INTRODUCTION
Malaria continues to be a major public health problem in the tropical world. It is the principal cause of morbidity and mortality in all sub-Saharan countries accounting for 10% -30% of all hospital admissions, frequently added to fires to enhance the repellant properties of the smoke [13] . Several field evaluations, where plants were burned to repel mosquitoes, have shown good reduction in mosquito landings [12, 14, 15] .
The use of plants in mosquito control is an alternative pest control method for minimizing the noxious effects of some pesticidal compounds on the environment [16] . Generally, natural products are safe for human use compared to synthetic compounds [17, 18] . Repellants of plant origin are therefore likely not to pose hazards of toxicity to human and domestic animals and are easily biodegradable. Plants often possess some bioactive components known as phytochemicals which play many ecological functions such as repelling insects, pests and animals. The repellent activity of plants might be due to the presence of certain chemicals that are able to irritate the olfactory senses of the mosquitoes. Some of these chemicals are non-volatile and release insecticidal smoke when the plant materials or the mosquito coil containing the active ingredients are burnt. According to Ghosh and Chandra [19] botanicals have widespread insecticidal properties and will obviously work as a new weapon, and in future may act as suitable alternative products to fight against vector mosquitoes. In-depth laboratory studies and field bioassays are needed to achieve that. They emit volatile organic compounds at different concentrations. Some volatile compounds such as aldehydes (octanal, nonanal and decanal), and ketones (6-methyl-5-hepten-2-one and geranylacetone) have been found in olfactometer trials, to interfered with attraction of mosquitoes [20] . A mixture of 6-methyl-5-hepten-2-one and geranylacetone in a 1:1 ratio was found to even exceed the repellency of DEET when presented at low concentrations [20] . The draw-back of using plant-based repellants is that, many of them are made up of relatively volatile constituents and making them generally not effective over long periods of time and as such require frequent reapplication [21] . Various plants including Azadirachta indica, Eucalyptus sp. Laboratory repellency and field trials are usually carried out to test whether chemicals or their sources could provide protection against mosquitoes. These chemicals could be alkaloids, phenolics and terpenoids. Secondary metabolites, such as terpenes [22] and other active ingredients are responsible for mosquito repellent activity in most plants. Alkaloids are basically insecticidal at low concentrations; nevertheless they can be used as repellents.
For a material to be valuable as a mosquito repellant it must effectively discourage insect attack on the treated area for many hours and on many different types of surfaces, it must work in different environmental conductions, it must be environmental friendly when applied to human or animal skin, it must be cosmetically acceptable having a pleasant odour, taste and feel, it should also be harmless to clothing, it should have a relatively low cost and be effective against other common types of insects, such as flies.
The ethnobotany of Hyptis suaveolens, Cassia obtusifolia and Striga hermonthica has extended their use as mosquito repellants. Hyptis suaveolens belongs to the family Lamiaceae. It is a herbaceous aromatic plant, 0.5 to 1.5m tall or more, with a stem carrying opposite leaves in finely toothed edges to which are grafted an oval limb and influorescence in axillaries cymes. It is considered as an obnoxious weed distributed throughout the tropics and subtropics [23] but the oil extracts have been reported to be effective against insects [24] . Cassia obtusifolia, also called Sicklepod belongs to leguminosae family. It is an annual, wild legume that has been described as an under shrub herbaceous plant. Reports of the use of Cassia species for pest management have also been documented [25] .
Striga hermonthica is a major biotic constraint in the Savanna zone of West and Central Africa. It is glabrous in appearance and belongs to the family Scrophulariaceae. Striga hermonthica devastates cereals like maize, sorghum, pearl, millet, finger millet and rice [26] . It has also been found to have mosquito repellent activities [27] .
The current study investigated the presence of flavonids, saponins, glycosides, tannins, terpenoids, anthraquinones, steroids, alkaloids, reducing sugar, phlobotannins, ketones and coumarin in extracts of dried leaves of Hyptis suaveolens, Cassia obtusifolia and Striga hermonthica. Mosquito repellency potential of the powdered matured leaves of the three plants was also compared using olfactometry.
Use of mosquito repelling plant leaves in rural communities as a preventive measure against mosquitoes thus malaria has the potential to reduce the burden of purchasing anti-malarial drugs and save lives, hence the need for the current study. There have been many earlier studies on repellent and attractant properties of plants products [28] [29] [30] [31] . However, the use of raw powdered leaves has several advantages and thus is suitable for rural application where women and children are affected by malaria under impoverished conditions. It would reduce cost of using energy to extract the leaves, the risk of fire outbreak possible in the use of smoke, and nuisance resulting from topical application of repellents. Results and use of the current study would be useful in augmenting the much promoted use of bed nets to restrain the vector especially in rural communities.
MATERIALS AND METHODS
Leaf samples of Hyptis suaveolens, Cassia obtusifolia, Striga hermonthica and adult mosquitoes, olfactometer, netcage and tray.
Chemicals and Reagents
Chemicals and reagents such as ethanol, sulphuric acid, distil water, ferric chloride solution, hydrochloric acid solution, Wagner"s reagent, chloroform, concentrated ammonium hydroxide, sodium hydroxide, Fehling solution (A and B) and iodine were used in the phytochemicals screening process. All chemicals were purchased from local agent of BDH Laboratories in Ghana.
Apparatus, Glassware and Equipment
Conical flasks, pipette, beakers, olfactometer, net-cages, laboratory burner and aspirators were used.
Sample Collection and Preparation
Fresh matured leaves of Hyptis suaveolens, Cassia obtusifolia and Striga hermonthica were collected from Ghana in the surrounding communities of the University for Development Studies, Navrongo campus. The samples were cleaned from dirt by washing with distilled water. They were then dried at room temperature to reduce the moisture content and to facilitate grinding. After drying, they were then ground using electric blender and the fine samples kept in clean, well labeled polyethylene bags and stored in a freezer until needed for use.
Extraction Plant Samples
96% ethanol was used to extract each of the powdered leaf samples. 25 g of the powdered leaves sample was shaken in 250 ml of the solvent. The mixtures were allowed to stand for 24 hours to extract. The procedure was also repeated using distilled water as a solvent. They were then filtered and the extracts were used in phytochemical screening. Screening was done according to procedures found in Magadula and Tewtrakul [32] and Trease and Evans [33] .
Breeding of Mosquitoes
Adult mosquitoes were obtained by breeding them from the egg stage using modified procedures indicated in Gerberg [34] . Ovitraps were set to collect mosquito eggs in an area of high mosquito population. This was done by putting pieces of filter pater into small containers with the inside coated dark. Each container with the filter paper was half filled with water. Four days later, when eggs were laid by mosquitoes attached to the inserted filter papers, the filter papers with the eggs, were removed and placed in trays under laboratory conditions of suitable humidity and temperature. Direct sunlight was avoided. The trays were then flooded with water and covered with a net.
After two days, the eggs hatched into larvae. The larvae were fed each day with yeast up to seven days, when they had developed into pupae which were then transferred into the net-cage. The next day, the pupae metamorphosed
The Olfactometer
A three-chamber linear olfactometer, a modified form based on Wasserberg, et al. [35] was constructed and used in the repellency experiment. The olfactometer was constructed using three plastic containers, PVC pipe and a rubber. It has two response chambers and one test chamber between them. Each response chamber had an opening for light penetration and aeration. The openings are covered with fine mosquito netting. All the three chambers were connected by means of a 5.5 cm diameter polyvinylchloride tubes 6 cm long between the chambers. The connecting channels offered test mosquitoes the choice to either remain in the test chamber or move through the channel into the adjoining chamber. The top opening of each of the chambers was covered with a transparent rubber to enable viewing into the chambers. A small hole was created in the top covering rubber of the test chamber through which mosquitoes could be transferred into the chamber.
Tray and Net-cage
Constructed Trays and Net -cages, were used in the mosquitoes breeding process. The tray was made from a plastic container and a fine mosquito net. It was fabricated by covering the plastic container with the fine net held together using glue. The net-cage was also constructed using a plastic container and fine mosquito net. An opening was created on one side of the plastic container around which was glued the net in such a way to create a circular aperture for passing the pupae through and for removing developed adults. The top was also covered with net.
Olfactometry
About 25g of powdered leaves of Striga hermonthica, was placed in one response chamber while the other response chamber was left empty to serve as a control. Twenty (20) adult mosquitoes were transferred from the net-cage using the aspirator into the test chamber through the small hole in the top transparent rubber-cover. The hole was closed back with a small piece of the rubber just after the transfer. Opaque lids were then used to cover each chamber.
Each test was timed for 15 mins and the number of mosquitoes in each chamber was noted by viewing through the transparent rubber cover. The experiment was repeated twelve (12) times and the mean number of mosquitoes in each test was determined. The experiment was also repeated using powdered leaves of Hyptis suaveolens and Cassia obtusifolia. Comparative tests were also carried out where different samples were placed in the response chambers in one test. Two strongly repelling leaves samples were identified and used in comparative tests with standard repellants (powdered form of Holy black mosquito coil and Medisoft mosquito repellant).
Results from each test were recorded as the number of mosquitoes counted in each chamber at the end of the test. The mean number of mosquitoes, standard error (SE) and level of significant difference at 95 degrees of confidence were calculated in each test.
Repellent efficiency
Repellent efficiency was calculated using the following relation:
Percent repellent efficiency (E) ……………………….. (1) 3. RESULTS mosquito repellency of the plants under study. Research has also shown that alkaloids and tannins in plant leaves may interfere with insect nerve impulses and are therefore good insecticides [37] . Therefore, the phytochemical deposits indicated in the leaves under study would contribute to mosquito repellent activity.
Studies have shown that insects respond to volatiles in their environment [38] and the influence of these volatiles may lead to a "push" of the insect away from their hosts [39, 40] . The assumption in the current tests was therefore that, the mosquitoes would move away from a particular chamber containing if contents in the chamber were noxious. When the individual repellants were tested, the leaves of Striga hermonthica repelled a mean of 11.50±0.50 mosquitoes, with a repellence efficiency of 83.4 % ( Table 2) . Hyptis suaveolens also repelled a mean of 10.17±0.52 (repellence efficiency of 78.3 %) mosquitoes compared to empty chamber. Thus, Hyptis suaveolens leaves may only be moderately repellent compared to leaves of Cassia obtusifolia which repelled only 6.58±0.42 mosquitoes, with a repellence efficiency of 70.8 %. Cassia obtusifolia therefore caused the least repellence of the mosquitoes.
Except for Cassia obtusifolia, the other two plant samples were significantly (P = 3.9*E-6 and 1.7*E-7) repulsive compared to the empty chamber ( Table 2 ). Holy black mosquito coil, a standard mosquito repelling coil was highly repellent as it repelled a mean number of 13.00±0.51 mosquitoes (90.0 %) compared to the empty chamber.
In comparative tests of Striga hermonthica and H. suaveolens ( respectively, was significant (Table 3 ). The results confirmed that C. obtusifolia leaves were weakly and the least repellant when each plant was tested alone ( Table 2) . The results also suggest that leaves of Striga hermonthica were also better repellant than Hyptis suaveolence. Considering the comparative tests results (Table 3) , it could be seen that S. hermonthica repelled higher number of mosquitoes when compared to C. obtusifolia than when it was compared to H. suaveolens. This further indicated that, C. obtusifolia had a weak repellency and so in presence of S.
hermonthica higher number of mosquitoes moved from the test chamber into the chamber containing C. obtusifolia repelled by the two repellants was not also statistically significant (Table 4) . However, in the comparison of Medisoft mosquito repellant with H. suaveolens and S. hermonthica seperately, Medisoft mosquito repellant was found to be significantly repellent compared to the two plant samples. A mean number of 8.17±0.55 and 9.08±0.54 mosquitoes where respectively repelled by the standard product to S. hermonthica and H. suaveolens (Table 4 ). The calculated repellency efficiency therefore showed that the standard repellant is most repellent (Table 4) .
It was reported [15] that burning of repellant plant leaves to produce smoke, is the most widely used means of repelling mosquitoes. Some field evaluations, where plants were burned to repel mosquitoes, have shown good reduction in mosquito landings [15] . Nevertheless, there are earlier reports on repellant activity of the volatile phytochemical extracts application on human body [1] . Though C. obtusifolia had low repellency potential, it could become more effective if the leaves were smoldered as it contained high concentration of tannins. Terpenes are flammable unsaturated hydrocarbons, existing in liquid form commonly found in essential oils. Monoterpenes, are of aromatic plants that are used in repelling insect when they are burnt [22, 41, 42] . However, in rural homes there is the need to reduce cost of using energy to extract the leaves, the risk of fire outbreak in the use of smoke, and nuisance resulting from topical application of repellents. Therefore the poor repellency potential of C. obtusifolia leaves could be associated to its low level of terpenes. On the other hand, Hyptis suaveolens and Striga hermonthica have higher terpenes present (Table 1) , hence justifies their abilities in mosquito repellence compared to Cassia obtusifolia.
Both Hyptis suaveolens and Striga hermonthica powdered leaves exhibited good repellency potential in comparison to Holy black mosquito coil, a standard product. The two unrefined plant materials were therefore comparably good. Studies have shown that changes in behavioural responses by insects to compounds can occur through forms of "conditioning" or "learned behaviours" that are not genetically determined [43] . It may therefore be possible for mosquitoes to later become familiar to the two good plant products, thus resulting in reduced efficiency. 
